SUMMARY A panel of seven monoclonal antibodies was applied to smears of cell deposit from 70 pleural and peritoneal fluids, using an immunoalkaline phosphatase (IAP) procedure. The cases were chosen to show typical cytological patterns, both benign and malignant, and in this way the diagnostic value of the method could be assessed.The antibodies used were 2D1 (anti-leucocyte), Ca 1, HMFG-2 (anti-milk fat globule membrane), LE61 
techniques in diagnostic cytology (Table 1) . In more than half of these studies, however, malignant cell identification depended on the reactions of a single antibody. Furthermore, in six of these investigations polyclonal antisera were used, which often give less reproducible results than do monoclonal antibodies and may produce non-specific reactions.
In the present study we have investigated the use of a panel of seven different monoclonal antibodies, chosen to include those reactive with epithelial and lymphoid antigens, to determine whether they would allow malignant and beaiign cells in serous effusions to be distinguished. The problem of background staining was overcome by the use of a recently developed immunoalkaline phosphatase (IAP) procedure." Since the aim of this investigation was to assess the practical value of the method, all staining was performed on spare smears made by the routine method used in the Laboratory of Clinical Cytology, rather than on cell samples which had been subjected to special preliminary steps such as 1154
Immunocytochemical staining of cells in pleural and peritoneal effusions Staining Slides were stained using the immunoalkaline phosphatase procedure (see Table 4 Ghosh, Spriggs, Taylor-Papadimitriou, Mason of malignant mesothelioma the cells gave a strong reaction (Fig. 3) . In contrast to the frequency with which HMFG-2 stained carcinoma cells, this antibody gave consistently negative reactions with each of the eight samples containing lymphoma cells. In the benign effusions Ca 1 positive mesothelial cells were observed in two of 22 cases (Table 6) . These were one case of cardiac failure and one case of cardiac and renal failure. The staining intensity of the cells was similar to that seen in carcinoma cells and the majority of mesothelial cells were positive. In both cases the staining reaction was repeated by the immunoperoxidase procedure with the same result.
Milk fat globule (antibody HMFG-2)'" Two patterns of HMFG-2 positive staining were observed, often in the same smear. In some cells a diffuse weak staining of cytoplasm could be detected; in other cells intense positive staining was present throughout the cytoplasm. The diffuse weak staining was seen mainly in cells which appeared on morphological grounds to be mesothelial, whilst the strong staining pattern was seen mainly in cells with the classical features of malignancy.
HMFG-2 gave a strong staining pattern in 39 of the 40 effusions which had been classified as carcinomatous on routine cytology (Table 5 , and Plate Ic). The one exception was an effusion containing clearly malignant cells (of unknown origin) which stained only weakly for HMFG-2. In the case "Simple epithelium cytokeratin" antigen (antibody LE61) 18 Antibody LE61 gave a positive reaction with malignant cells in all of the effusions from clinically and cytologically proven cases of carcinoma or mesothelioma (Table 5 , and Plate Ig), with the exception of the anaplastic carcinoma referred to already. The commonest staining pattern was an intense positive labelling throughout the cytoplasm (Fig. 4) . LE61 also reacted strongly with many mesothelial cells in benign and malignant effusions (Figs. 4, 5 Although antibody Ca 1 was unreactive with mesothelial cells in the majority of cases, two benign pleural effusions were found to contain unequivocally positive mesothelial cells. One was from a woman aged 63 yr with cor pulmonale; she died soon afterwards and there was no necropsy. The other sample was from a woman aged 78 yr with cardiac and renal failure and bilateral pleural effusions, and she also died within a few days, and there was no necropsy. In neither case was there any evidence of malignancy. This finding is in conflict with an earlier study on serous effusions Table 1 ) in which no "false positives" of this sort were noted. It is possible that this discrepancy is attributable to the technical differences between the immunocytochemical methods used. Alternatively the relatively low frequency with which Ca 1 positive mesothelial cells are encountered may account for their absence from the series reported by Woods et al.8 Whatever the explanation of this phenomenon its existence should be borne in mind when using Ca 1 antibody for the detection of malignant cells in cytological samples. In this context it may be noted that the finding of Ca 1 antigen in normal cells is not without precedent, since in immunohistological studies of human tissue sections this antibody has been shown to react with certain epithelial cell types.
II
Carcinoma cells consistently gave strong positive reactions with LE61 and M73, but since mesothelial cells commonly react in the same way, this has no discriminatory value. They also gave strongly positive staining with HMFG-2, stronger than mesothelial cells generally show, so that this provides some confirmatory evidence; it would be valuable, for instance, in searching for small numbers of oat-cells, whose morphology differs clearly from that of mesothelial cells, and in distinguishing them from immunoblasts.
The Finally, staining with 2D1 was consistently negative, and this is of value in distinguishing carcinoma from lymphoma, as illustrated in the case discussed above. Mesothelioma was represented in this series by only one case, so that no general conclusions should be drawn. Besides the reaction with Ca 1 (described by Woods et al)8 there was a very strong reaction with HMFG-2. If this finding is confirmed in other cases, a useful method would be available for distinguishing mesothelioma from benign mesothelial proliferation.
Conclusions
Previous studies on the application of immunochemical staining techniques to cytological samples have usually been based on the detection of a single antigen (see Table 1 ). This approach has obvious limitations which we have attempted to overcome by using a panel of seven monoclonal antibodies directed against different antigens.
Three of the antibodies used in this study (anti-CEA, Ca 1 and HMFG-2) may form a suitable panel for the diagnosis of effusions. Of these only one (anti-CEA) was specific for carcinoma cells in the present series. However the non-specific reactions of the other two antibodies were restricted to labelling of mesothelial cells (rarely in the case of Ca 1 and more frequently with HMFG-2). Hence judicious assessment of the labelling reactions of the three antibodies taken together may prove of value in the detection of carcinoma cells which would otherwise pass unnoticed, and for confirmation of a suspected diagnosis of malignancy. It is to be hoped that other monoclonal antibodies of considerably greater specificity will become available in the future.
It is important both for cytological diagnosis and for immunoenzymatic staining, that cell smears are optimally processed. The technique used in the present study (that is, the staining of air-dried smears of centrifuged cell pellets) is used in many laboratories for the routine preparation of Romanowsky-stained cytological samples. Provided smears are air-dried rapidly, morphology is very clearly defined. Using a sensitive IAP method with monoclonal antibodies we found little or no background staining and there was no need to wash the cells or to remove red cells, as was done in other studies.67 10 The alkaline phosphatase reaction product produces a vivid red colour which facilitates the identification of positively labelled cells even when the enzyme reaction is weak. This enzyme label also offers the advantage that endogenous alkaline phosphatase is present in lower amounts (and is more easily inhibited) in serous effusion cells than is endogenous peroxidase. Our experience with alkaline phosphatase as an antibody label in cytological studies is in keeping with the preference of To et a16 for this enzyme.
A further application of immunocytochemical staining is the detection of two antigens in the same smear. We have already shown that smears can be stained for a lymphoid antigen and an epithelial associated antigen (Plate Ig). Double staining with light chain antibodies and with T and B cell markers may be useful in the diagnosis of lymphoma cases to indicate a neoplastic origin, and we are currently looking at other lymphoid cell markers in these cases. Additional examples of the way in which double enzymatic staining may be used for the analysis of peripheral blood cells has recently been reported from one of our laboratories by Moir et al.22 Even when using an antibody with a high specificity, it is unwise to place complete reliance on a single immunocytochemical test. The increased information obtained when further appropriate antibodies are used is much more than simply additive, since the different results confirm and control each other. Thus the use of multiple standard monoclonal antibodies can already provide compelling evidence for the presence of cells from the common kinds of cancer, and in future will increasingly help to determine the type of the primary tumour. The present study indicates the value of this approach in diagnosis of serous effusions, and the techniques described may be adapted to complement the traditional morphological assessment in many other types of cytological material.
